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SUMMARY 

Ths  protein  structure  of  ten per stars- senaitirA  mutants  of  tobacco  mosaic 
Tirus  isolated  after  treatment  with  nitrous  aeic  has  been  bote  mined.  The 
results  obtained  for  l<  mutants,  presented  in  this  and  the  preceding  paper, 
are  diacu.sed  with  relation  to  the  spatial  structure  of  the  virus  rod. 


I NTnoDCCTION 

In  the  preceding  paper  (1),  the  exact  location  of  amino  :  subatitutlona 
in  spontaneously  occurring  tempera ture-sanoiti’s a  mutants  of  the  tobacco  mosaic 
virus  (THY)  were  described.  In  the  present  communication  are  described  protein- 
chaaioal  investigations  on  such  temperature-sensitive  mutants  of  TMV  which  were 
isolated  after  treatment  with  chemical  mutagens. 


MATERIALS  A HD  MET  ITUS 

The  proteln-chenical  methods  employed  in  the  investigations  on  mutants  des¬ 
cribed  hare  are  Identical  to  those  previously  given  .n  detail  (2,  3). 


RESULTS 


The  mutants  described  here  have  arisen  either  from  the  TMV  strain  vulgare 
or  from  the  spontaneous  mutant  Alii,  and  hare  been  isolated  after  treatment  of 
vulgare  or  Alii  with  nitrous  acid.  Of  the  numerous  TMV  mutants  which  here  been 
Isolated  ana  studied  after  tr»«ww«it  with  chc,rJ.os?.  mutagens  (nitrous  scid. 


hydrcscylasdae,  or  5-fXuorouracil),  only  those  which  could  not  multiply  at  all 
at  temperatures  above  30  to  and  only  slightly  at  temperatures  of  20  to 
2*3 °C  war®  employed  in  these  investigations  (5).  With  most  other  mutants,  virus 
replications  is  not  affected  ad  strongly  by  temperature.  Protein- chemical  in¬ 
vestigations  on  these  viruses  are  described  in  other  papsrs  (6). 

In  the  case  of  the  mutants  employed  here,  with  ths  exception  of  Ni-2$l6 
and  Ki-2519,  the  abeant  or  very  weak  virus  replication  at  high  temperatures  is 
accompanied  tqr  the  inability  of  A-protain  to  aggregate  at  high  temperatures t 


if  one  removes  the  RhA  of  the  virus  and  diaggregatea  the  protoin  core  Into  small 
subunits,  the  A-prctein  will  reaggregate  into  rods  in  tha  case  of  the  vulgare 
strain  ari  manor  mutants.  This  protein  reaggregetlon  takes  place  as  veil  at 
high  temperatures  as  it  does  at  lov  temperatures  in  the  case  of  the  vulgare 
strain  and  many  mutants.  In  the  case  of  the  temperature-sensitive  mutsnts, 
this  reaggregatior.  does  not  occur  at  all  at  high  tempereturee  (5).  With  the 
exemption  of  the  mutants  Ni-25l6  and  Ni-2$19,  temperature  sensitivity  and 
extensive  suppression  c*  vi»mis  replication  at  high  temperatures  can  be  corre- 
+  k  »*  rvi  ;~T?  '"id  substitution  In  tha  viruo  core  protein. 

Ni-ll5»  This  mutant  was  isolated  after  treatment  of  the  TMV  strain  vulgare 
with  nitrous  acid  (2).  Tho  loaf  deformation  produced  on  Klcotlana  tebsewn  var. 
Samaum  is  less  that  produced  by  the  vulgare  strain.  In  contrast  to  the  systemic 
infection  cn  Nic.  tabs  cum  var.  Java  produced  by  tha  vulgare  strain,  Hi- 118 
produced  a  localized  infection  on  hia  host  plant. 

After  removal  of  the  RNA,  if  t  *  virus  protein  is  digested  with  trypsin, 
the  tryptic  peptide  Tl  can  be  precipitated  isoelectrically  «t  pH  Ix.S  and  the 
supernatant  placed  on  a  Dowsx-l  Column.  The  separation  and  purification  of  the 
tryptic  peptides  is  carried  out  in  the  manner  already  described  in  detail. 

After  three  precipitations,  the  tryptic  peptide  71  is  separated  from  associated 
peptides  by  Sephadex  chromatography,  dissolved  in  urea,  and  decomposed  with 
iodoacetanido.  After  removal  of  the  urea  and  excess  iodoscetamide,  chymotrypsin 
digestion  (U  hours,  37°C,  pH  7.8)  is  carried  out.  The  chymotryptie  partial 
peptide  is  passed  through  column  and  purified  by  papar  chromatography, 

the  ai^ertaental  details  are  essentially  the  ana  as  those  uzployed  in  previous 
investigation*  (2,3). 
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From  analysis  of  the  tryptic  peptides  (Table  1),  it  can  be  seen  that  the 
mutant  Mi-118  differs  from  it*  parent  strain  vulgar*  bp  cru  amino  acid  substi¬ 
tution,  namely  proline  - -4  leucine  in  the  T1  peptide.  This  substitution  can 
be  identified  with  the  No.  80  position  bgr  ether  analytical  prodedures  earriad 
out  on  these  peptides  (Table  1). 

Aliji  Although  the  spontaneous  Mutant,  All;,  is  not  temperature-sensitive, 
it  should  still  be  described  here  elutes  from  it  all  the  following  mutants  that 
are  described  in  this  paper  have  been  derived.  The  knowledge  of  its  protein 
structure  i  ■  aeeentiel  for  understanding  the  investigation*  on  mutants  arising 
from  It. 

All;  was  obtained  through  a  spontaneous  nutation  from  the  rulgare  strain 
(7).  The  amino  add  sequence  of  the  tryptic  peptides  of  All;,  which  are  described 
in  previous  papers  (2,3)  was  obtained  in  the  isw  manner  as  here  anc.  differs 
frtM  that  oi  the  rulgare  strain  by  the  substitution,  iaoleuoine— *»-  threonine, 
in  the  tryptie  peptide  T10,  Further  investigations  on  these  peptides  (Table  2) 
bare  localised  the  mdno  acid  substitution  at  position  129. 

Mi-t58«  In  this  case,  one  la  Scaling  with  a  mutant  which  was  Isolated  after 
nitrous  acid  treatment  of  All;  and  which  produce*  yellowing  on  Nicotians  tabs  cum 
.  var.  Samaut.  Tha  growth  retardation  resulting  from  infection  end  the  leaf  Re¬ 
formation,  however,  are  generally  less  than  those  observed  with  another  yellow 
mutant,  namely  flavuau 

Analyses  cf  the  tryptie  peptides  shoved  a  single  amino  add  substitution  as 
compared  to  All;  •  thrv, xiine  — isoleudne  in  the  tryptic  peptide  T3.  This 
peptide  wee  digested  with  ohymotrypsin  and  the  cbymotrypiie  peptide  was  isolated 
(Table  3).  Through  additional  protein- chamical  analyses  on  the  chymotryptic 
peptides,  TJ  and  TU,  the  amino  add  toque  no*  substitution  can  bs  localised 


at  position  59  (Table  3  «nd  Fig.  l)» 
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Nl»li62 i  Symptoms  do  not  serve  to  aif forentiate  this  mutant  wnlch  is  de¬ 
rived  from  Alii  from  Nl-li^S  on  Nic.  tabs cum  ver.  Sam  sun.  Mutant  Ni-ii62,  which 
was  induced  with  nitrous  acid,  can  be  differentiated  from  A  Hi  from  which  it 
was  derived  by  the  presence  of  two  amino  acid  substitutional  threonine  - — 
lsoleucine  in  the  tryptic  poptide  T1  and  aerine  — *-  lscleuclna  in  the  peptide 
T3  (Tablu  U).  Both  peptides  were  split  with  ehymotryral n  and  the  chymotryptic 
peptides  were  isolated.  As  shown  in  Table  h ,  In  position  5,  Alii  possesses 
threonine  while  N1-U62  has  lsoleucine,  and  in  position  55*  Hi-li62  has  Isucina 
and  Alii  has  serins. 

Hl-1196 »  Ni-1196  is  a  mutant  isolated  from  All.  after  treatment  with 

nitrous  acid  and  gives  a  yellowing  on  Nix.  t aba cum  war.  Saresun.  It  is  differen¬ 
tiated  from  Alii  by  the  amino  acid  substitution,  proline  — serine  in  the 
tryptic  peptide  Tli.  The  substitution  has  been  demonstrated  by  sequence  analysis 
of  inis  peptide  to  occur  et  poaition  63  (Table  5  and  Pig.  1). 

NI-I6881  This  mutant  is  derived  from  Alii  (2)  and  exhibits  on  Nix.  tabs  cum 
var.  Sam sun  symptoms  which  are  weaker  and  clearer  as  compered  to  those  of  the 
TMV  strain.  Ifor  analyses  of  ell  of  the  tryptic  peptides,  two  amino  acid  sub¬ 
stitutions  were  found  (Table  6)«  proline  serine  in  peptide  Tli  and  proline  — 
leucine  in  peptide  T12.  Ths  substitution  in  the  case  of  the  TU  peptide  la  at 
position  63  and  in  the  case  of  the  T12  peptide,  it  is  located  at  position  156 
(Table  6). 

Ki»220k  and  Nl-2239 «  In  contrast  to  the  mutants  described  hitherto,  the 
following  have  been  isolated  under  experimental  conditions  which  permit  selection 
e!  temperature  sensitive  mutants  (8). 

Additional  studies  on  these  mutants  have  shown  that  they,  as  expected,  are 
temperature-sensitive,  that  is,  they  replicate  at  an  intermediate  temperature 
(23°C)  muob  better  than  they  do  at  a  high  temperature  (32^C).  Alee,  in  vitro. 


they  can  be  described  as  temperature-sensitive  mutants i  after  disaggregation 
of  the  virus,  the  A-proteins  are  rssggregated  only  at  low  and  intermediate 
temperatures  but  not  at  tie  high  temperature.  These  findings  suggest  t.hat 
temperature  sensitivity  in  the  case  of  these  muta-ts  is  related  to  amino  acid 
substitutions  in  the  core  protein  in  contrast  to  the  temperature-resistant 
Alia  strain  from  which  tfehy  were  derived. 

Thle  hypothesis  was  confirmed  by  the  following  protein-chemical  investi¬ 
gation'  In  both  mutants  it  was  found  that  the  tryptic  peptide  T1  (Tables  7 
and  8)  had  the  substitution  serine  —  leucine  as  compared  to  the  corresponding 
peptide  of  the  pa  snt  virus  Alii.  Tn  the  cases  of  both  Ni-220h  and  Nl-2239, 
the  substitution  oconrred  at  position  15  (Tables  7  and  8).  In  addition  to 
thle  substitution,  Ni-22Qb  has  still  a  sec one  substitution,  namely  threonine 
—  iaolsuclne  which  is  located  In  tha  tryptic  peptide  T12.  As  shown  in 
Table  7,  this  substitution  occurs  at  position  153* 

Mi-2$16  and  Hi -2519 »  Tns  isolation  (8)  of  thsse  mutants  was  aoocmplishad 
after  treatment  of  Alii  with  nitrous  acid  and  was  done  under  conditions  which 
made  possible  a  relatively  mild  recognition  of  temperature-sensitive  mutants. 

An  All  virus  preparation  treated  with  nitrous  acid  was  applied  to  Nlc.  tabs cum 
vsr.  Xanthij  the  plant  waa  incubated  at  23°C  until  appearance  of  a  visable 
infection,  thee  e*  s  high  t«5poritu.w  (3 and  finally  si  Cniy  those 

lesions  which  underwent  measurable  development  at  23°C  tut  not  at  32°C  were 
excised,  homogenised,  and  applied  to  Nic.  tabacm  var.  Samaun.  In  contrsst  to 
all  tbs  mutants  previously  described,  with  Ni-2516  and  Ni-2519,  no  correlation 
between  tbs  behavior  in  vitro  and  that  in  vivo  could  be  madet  whereas  both 
mutants  replicated  much  batter  at  23CC  than  at  3 2°C  ,  t>  <  reaggregation  of  their 
A- proteins  took  place  only  at  the  high  temperature  end  not  at  all  at  low  or 
Intermediate  temperatures.  In  this  respect,  they  ere  different  from  all  the 
other  tcaperaturs-senaltlvw  mutants  described. 


The  analyses  of  the  tryptic  peptides  of  Ni-2$l6  and  Ni-25l9  ahowed  no 
differences  in  the  amino  acids  between  theso  mutants  and  the  temperature- 
resistant  parent  strain  Allj  (Table  9  and  10}  regarding  amides,  see  discussion). 
The  conclusion  ia  thus  confirmed  that  these  mutants  form  a  special  class  of 
temperature-sensitive  mutants*  The  basis  for  temperature  sensitivity  cannot 
lie  in  an  altered  core  protein  or  in  a  reduced  or  absent  capability  of  the 
protein  subunite  to  u_id»rgo  aggregation  at  a  high  temperature.  It  is  suggested, 
therefore,  that  in  these  cases,  the  temperature  sensitivity  is  caused  in  the 
following  vay»  an  onsyrae  necessary  for  virus  replication  and  directed  by  the 
virus  RHA  is  altered  by  means  cf  an  amino  acid  substitution. 

DISCUSSION 

In  the  course  of  our  investigations  (2)  on  the  genetic  code,  the  core 
proteins  of  some  200  chemically-induced  as  well  as  spontaneously  occurring 
TMV  mutants  have  been  analysed  proi ain-chamicslly.  A  portion  of  these  mutant* 
are  temperature  sensitive,  and  the  protein  structure  cf  15  such  mutants  have 
been  described  in  this  and  a  preceding  Investigation  (1).  The  results  are 
shown  in  Tables  11  and  12.  Since  as  of  yet,  not  all  of  the  200  mutants 
analysed  hslte  been  tested  from  temperature  sensitivity,  additional  temperature- 
aensitirc  mutssts  may  be  found  in  cur  material. 

The  temperature-sensitive  mutants  so  far  described  can  be  divided  into 
two  groups t  in  the  first  group,  which  by  far  predominates  numerically,  the 
virus  core  protein,  as  s  consequence  of  a  chemically  induced  or  spontaneously 
occurring  mutation  of  the  virus  RNA,  differs  fnrt  the  protein  of  the  parent 
strain  in  question  by  the  substitution  of  one  t>  three  amino  acids.  The 
altered  core  protein  can  be  used  for  an  organised  reaggregatl  n  to  rods  at  a 
lew  iesipersturs  flC°G)  but  not  at  a  higher  temperature  (30°),  as  is  the  case 
with  the  parent  strain.  This  tempers turs-depsndsnt  inability  for  aggregation 


In  tha  ctic  of  the  nutants  of  the  first  grcup  i*  v«rv  likely  the  basis  for 
the  fact  that  replication  at  a  high  temperature  (32°C),  if  present,  is 
significantly  lower  than  that  at/»n  intermediate  temperature  (23^C).  The  fact 
that-  the  oore  protein  of  thaae  temparatura-aanaltlve  mutants  la  not  denatured 
during  tkm  abeonce  of  replication  can  be  demonstrated  by  the  feet  that  rirua 
particles  rapliesting  at  23°C  can  endure  temperature  treatment  at  60**C.  The 
s«m«  holds  true  ter  ths  A-protein  and  30^  treatment.  Similar  reaulte  to 
th*M  hare  been  obtained  in  another  system,  namely  the  Tl  bacteriophage  (9). 

In  the  ease  of  the  second  group  of  temperature- sensitive  mutants  to 
which  Ki-2516  and  Hi«?5l9  belong,  the  amino  acid  Sequences  of  all  the  trypiio 
peptides  are  ths  acme  as  those  of  the  temperature-resistant  pare  it  strain* 

(Whan  indirect  amide  daterni nations  were  carried  out,  no  differences  in  the 
the  chrossaogr aphic  and  electrophoretic  behaviors  of  the  peptides  were  ascer¬ 
tainable;  to  be  sure,  this  is  not  exaot  e  ough  to  exbldde  amide  dif.erencos 
in  large  peptides  such  as  Tl.  If  amid#  differences  should  exist,  then  they 
have  no  influence  on  ths  aggregating  capability  of  the  protein  subunite  as 
in  vitro  experiments  have  shown,)  Is  expected,  the  disaggregated  core  proteins 
of  both  mutants  Ki-2516  and  Ni-2519,  as  well  as  ths  protein  of  the  parent 
strain  Alii,  r* aggregate  at  low  and  high  tsmpersturea  equally  well. 

The  extensive  inhibition  of  virus  replication  at  high  temperatures  cannot, 
therefore,  be  due  to  the  interruption  of  the  aggregation  process  of  protein 
subunits  by  high  temperature  in  the  case  of  these  mutants.  Thus,  the  following 
hypothesis  is  offered i  the  cistron  for  the  determination  of  the  core  protein 
•Mounts  to  shout  7*5  %  of  ths  TMT  RNA  if  one  assumes  a  triplet  code.  In  the 
os  so  of  treatment  with  chemical  mutagens,  not  all  of  the  nucleotides  that  are 
mitered  are  involved  with  the  virus  core  protein.  Mueleotidos  may  be  altered 
which,  Mwng  ether  things,  probably  determine  the  protein  structure  of  emymes 
which  ere  nsoessary  for  virus  synthesis.  Amino  sold  substitutions  in  these 


ensymee,  *8  well  as  in  the  virus  core  protein,  could  lead  to  functional  damage 
under  certain  conditio' s  ( svch  as  temperature  increaees)  and  thereby  lead  to 
a  partial  or  complete  inhibition  cf  virus  replication  . 

The  experiments  with  temperature-sensitive  mutants  showed  clearly  that  the 
substitution  of  a  single  amino  acid  ie  enough  to  alter  the  virus  protein 
sufficiently  so  that  under  the  appropriate  conditions,  little  or  no  virus  can 
be  eyntheeiaed.  The  following  mutants  provide  such  examples t  In  these  cases, 
the  difference  in  a  single  arcin'-  acid  between  these  ind  to*,  temperature- 
resistant  parent  strain  is  sufficient  to  provide  cceiplete  or  partial  Inhibition 
of  the  aggregating  capability  of  protain  subunits  at  high  temperatures  (table  11) i 
Ni-2239,  with  the  substitution  serine  — v  leucine  in  position  15;  flevnan  with 
aspartic  acid  — a*  alanine  in  position  19;  tfi-118  with  prolir-,  — «►  leucine  in 
position  20j  Nl-u58  with  threonine  — a-  isoleucine  in  position  59;  Ni-1196  with 

proline  — serino  in  porttlon  6.)j  and  C^-ltlS  with  asparagine  — ^  lysine  in 
position  1L0.  In  tMs  connection,  it  is  worthy  to  note  that  in  the  case  of  one 
of  the  TMV  mutants  (10)  with  two  amino  acid  subetitutlons  (11,12),  the  protein 
subunits  cf  the  core  protein  ere  able  to  aggregate  into  rode  in  an  orderly 
faahlon  at  all  temperature a  both  in  vivo  and  in  vitro. 

Tha  ability  of  a  mutant  to  be  temperature-sensitive  as  >^11  se  resistant 
does  not  nscesss*  ily  depend  on  c  single  givs  asmo  »cio  suieiiLui-iuu.  roi- 
example,  the  mutants  Ni-118  and  Ni-1927  can  be  differentiated  from  each  other 
by  the  fact  that  in  the  former,  the  substitution  proline  leucine  occurs  in 
position  20  while  In  the  latter,  the  defect  is  located  at  position  156.  One 
of  these  mutants  (Ni-118)  Is  temperature -sensitive  while  the  other  (Ki-192?) 
ie  temperature-resistant.  Tha  same  holdo  true  for  other  substitutions,  for 
example,  threonine  — >  Isoleucine  in  different  positions  of  temperature-sensi¬ 
tive  as  veil  ae  resistant  mutants. 


In  thia  respect,  it  ii  of  interest  to  compare  ths  primary  structures  of 
wl£sro,  f XsT'^m ,  rgflsveacens^  snd  revlrcacena  (T  bis  1 2)t  If  crve  disregards 
position  138,  which  hss  no  significance  with  regards  to  the  question  of 
temperature- sensitivity  (vulgare  snd  revirsacene  differ  from  each  other  only 
«*  this  position  snd  both  are  temperature-resistant),  then  the  four  mutants 
differ  from  each  other  only  et  position  19i  flavum  has  alanine)  re  flare scene, 
valintg  snd  vulgare  and  revirescena  have  aapartie  acid.  While  ths  first  two 
mutants  ere  temperature-sensitive,  the  last  two  are  tempercture-roalatant. 

In  the  ease  of  otherwise  identical  amine  acid  sequences,  the  nature  of  the 
anino  scid  st  this  petition  14  decisive i  the  presence  of  aspartic  acid  at 
position  19  enoowe  the  protein  with  thB  property  of  aggregating  correctly 
st  a  high  tempers  tore.  If  this  amino  scid  la  replaced  by  alanine  or  valine, 
then  the  aggregating  capability  is  lost  and,  to  be  sure,  in  tbs  case  of  alanine 
» ore  strong )y  than  with  vs lint. 

Important  for  ths  question  of  temperature  sensitivity,  thet  is,  the  loss 
of  the  ability  to  aggregate  correctly  bnder  given  conditions,  ia  the  combina¬ 
tion  of  a  given  nine  add  with  a  given  position  in  the  protein  chain.  Next 
to  the  question  of  the  nature  of  the  substituted  aaiin  >  scid  (hydrophilic, 
hydrophobic,  acidic,  basic,  or  aromatic  aids  chain),  the  position  of  the 
substitution  within  the  secondary  as  well  as  the  tez  iary  structure  of  the 
protein  subunit  la  important)  that  is,  a  cob  •  particular  amine  scid  in  the 
alphs-helix  lie  in  the  vicinity  of  the  subunit  surface  or  store  towards  the 
interior)  does  the  new  anino  acid  induce  an  important  linkage  for  the  three- 
dimensional  (structure  of  the  protein  subunit ,  etc. 

As  soon  as  the  three  dimensional  structure  of  the  protein  subunits  has 
besa  elucidate,  the  maetrou a  TN7  actants  (2, It, 6,13, lit)  for  which  the  mairo  sold 
•abstitvtiene  here  been  Identified,  particularly  ths  temperature -seneitit 


SSjijWKi; 


-10- 


wutanta,  will  provide  ,  reductive  ground*  for  the  eorrelitioa  cf  investigations 
on  structural  problems  with  the  aggregation  and  stability  of  TMV  protein  sub- 
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Table.  2.  Anino  acid  composition  of  the  peptideg  isolated  from  Mutant  A—lis  and  localisation 
of  the  «i»ino  acid  substitution 
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Table  1*.  Amino  acid  composition  of  the  peptides  isolated  from  Hitant  Ni-^62 
and  localisation  of  the  tnino  acid  substitution. 
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T«bla  5*  A«lno  acid  c-jnpotitlcn  of  paptidea  isolated  Tran  Mutant  Nl-1196  and 
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Table  O.  aau.no  acid  compel  lio«i  of  ti<e  peptides  Iselstsd  f rca  Mutant  wt-1668 
and  localisation  of  the  talas  a  eld  substitution* 


rr»IW 

11 .  if*.- 

It  •* 

,51  l 

>«P 

Tbr 

s#» 

v\ 

3*- 

1 

'  Yjil  f+\* 

T  1 

1  11 

*•  4 

l»  h 

0  J 1 

4  0* 

3  TS 

*  e: 

7  1 

1  -  It 

1«  h 

o  ■*» 

4  07 

i  *: 

3  51 

T  1 

1  -41 

t»--l 

|0  h 

u  1« 

1  17 

1  8t 

).!> 

T  1 

1-41 

•** 

40  h 

a  te 

4.M 

a  m 

114 

Tt 

4? -4* 

r** 

11  h 

1.14 

1.04 

T  ] 

47  ei 

po* 

l»  h 

0  2* 

0.99 

MO 

T* 

4?  -  a; 

1-  h 

0  4*) 

0  M 

t.O* 

T  4 

It  -M 

O'"* 

h 

0  12 

1.07 

1  U 

t* 

•0-7t 

pen 

IS  h 

0  MO 

T  • 

72  oo 

o<*a 

IS  h 

0  «7 

».!0 

i  y 

1  * 

ti  - n 

P"* 

1*  h 

0  50 

1.00 

T* 

ei  -  it! 

o-i 

is  h 

rt  II 

1  ss 

1  V  4 

T» 

113  - 1:« 

fit 

1  *4  K 

o  y, 

1.00 

1.07 

T9 

in-  i:f 

n«uir 

1«  h 

o  i« 

k.00 

0  81 

T  10 

tts-m 

KUlf. 

IS  h 

0  tt 

too 

0.95 

l.Ort 

Til 

1  *S  -  Hi 

14  K 

o.«e 

1.00 

1.01 

1.0  J 

ti: 

142-13* 

O'l 

IS  h 

0  OM 

o«: 

5  50 

TU 

14!  IVI 

o*t 

is  n 

o  :<7 

o.ee 

e.04 

rt  ci 

1-  2 

0** 

is  h 

0.13 

1.00 

ti  rt 

1  -  10 

IS  h 

o  t* 

1.02 

i  ■  1 

TIM 

1  -  10 

*M 

IS  h 

0.<2 

ISA 

f  87 

tics 

*  -  10 

nralr 

ll  h 

0  SJ 

1-04 

1.01 

TIM 

s 

n-jtr. 

ISh 

o  :* 

l.«0 

l  73 

T  M  4 

i  \  \ : 

14  h 

c  SI 

1  1  t  4 

H  U 

BNlt 

H  h 

0.44 

TIM 

1 1  - 1 

»<u!r 

IS  f, 

0.  is 

1.7* 

t  i  re 

It  17 

0*Utf 

IS  h 

rt  M 

0  il 

T  1  CS 

1)  -  1? 

•fut; 

IS  h 

0  S3 

OM 

TIC* 

IS  17 

Orutr. 

14  h 

0  IS 

t.  Rdman 

0  S3 

TI »'« 

n  -  n 

Brut;. 

IS  b 

on 

1  Nmift 

0  II 

Tice 

:i  - 1? 

OftllC. 

IS  h 

0  20 

t  F.rtmaa 

0.11 

Tice 

15-17 

Mull 

IS  n 

0  10 

H.T  r 

ti  ce 

11  -17 

ft*  u!t 

CimA  10' 

Tice 

It  W 

IfUlf 

Cm mA  ®r 

0.11 

T!  CT 

19  t3 

ne| 

IS  li 

0.41 

1.02 

T »  0* 

18-  3* 

*»l 

IS  h 

0.11 

IM 

O.SX 

71  Ct 

Malr. 

11  h 

001 

toe 

0.70 

T!  C :2 

sc  :: 

£ imU. 

:z  z. 

c :: 

TI  CH 

»?  ii 

iKtftr- 

h 

041 

1.00 

TI  C'.l 

M  U 

ptm. 

?*  h 

0  V 

1.04 

t:  Cii 

%A  41 

r* 

IID 

0.87 

0,18 

TICK 

19  41 

pf>9 

IS  h 

0  84 

T  If  ci 

lit  154 

o  to 

0  39 

1  30 

TIIC4 

111  -  lift 

MUlt 

AH'  im 

4 

TIIC4 

m-  IVI 

trulr. 

DNf 

t  .In 

fro 

O', 

Ala 

V  at 

Ik'j 

Leu 

Tyr 

pt*« 

If* 

Ar* 

cr# 

a  .».* 

f  f<: 

1  <•? 

4  An 

0  0* 

1 

e.ct 

0.8? 

i  ** 

l.l*S 

088 

5 

2  1 1 

C  0i> 

<  00 

1 

t  **< 

*.93 

0  At 

7  05 

1  Oi 

1  t.71 

5  75 

2  03 

1.13 

4  OO 

1.14 

:  93 

*07 

C  72 

4  03 

098 

0X4 

1.82 

107 

1.08 

4. CO 

1.0* 

1.07 

4.13 

0.88 

t  S3 

1.04 

1  0.48 

1  0« 

1.95 

♦ 

2.s; 

’  70 

t  94 

\JCtO 

♦ 

* 

1 

1  93 

1.15 

4.00 

vn 

T 

♦ 

a 

1.00 

1  no 

o.u 

190 

4- 

♦ 

1.18 

1.00 

3  TO 

1.70 

4.00 

044 

1X0 

■f 

♦ 

1.80 

1.01 

1  21 

0.03 

0  S9 

>00 

4 

1.71 

1  tt 

0  91 

4 

I.Ji 

1.53 

1.10 

♦ 

1  03 

Ml 

1.09 

1.95 

t  04 

•t 

1.94 

8.71 

♦ 

!  .07 

1.0* 

100 

1.00 

1.00 

o>: 

0  92 

0  ss 

4 

0.93 

i.W 

1  00 

l.Ort 

0  73 

oil 

OM 

OK 

890 

a 

1.03 

1.09 

0.33 

0.84 

IOC 

0.87 

1.11 

I.Oi 

o.n 

LOO 

1  07 

1.1  4 

l.Ort 

1  00 

1  03 

1.04 

0.90 

1.00 

U  K3 

1  00 

0.97 

1.00 

1  00 

0  80 

1  03 

t.Oi 

1  00 

t  O' 

1.00 

1.09 

1  00 

1  2* 

1.00 

1  is 

1.00 

0  7* 

J  0.) 

0  32 

1.00 

0.90 

0.07 

1.07 

1  03 

9.W 

1  00 

1.93 

1.10 

097 

too 

»  7f 

Ui 

l.Of 

0X8 

0  90 

1.00 

1.00 

0.84 

f  .07 

1.04 

0.71 

Ci,  fo 

i.wo 

i.us 

I.V= 

IjUU 

1  01 

Ilf 

1X0 

1.00 

i.o; 

10c 

4 

0.04 

100 

4 

*7 

0  09 

1.00 

1,00 

0.89 

1.00 

♦ 


T«b!e  ?♦  Aralno  acid  cotpoaition  of  paptidaa  iiolatad  from  Mutant  Ni-2201,  and 
localisation  of  tfaa  **ino  acid  auboUtution. 


Table  8*  Ajoiao  acid  cowpoaitian  of  peptides  Isolated  from  Mutant  Ni-2239  and 
localisation  of  the  amino  acid  substitution. 
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Table  11.  Nature  and  po  iticn  of  amino  acid 
substitutions  of  mutants  des~ribed  in  this  and 
the  preceding  investigation  (1).  The  mutants 
differ  from  the  parent  virus  by  the  substitutions 
indicated. 
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Table.  12*  Primary  structures  of  the  mutants  described  in  this  and  tha 
preceding  investigation  (1).  Other  than  the  posit ions  indicated,  the 
anino  acid  sequervsea  of  the  mutants  are  the  sane  as  that  of  the  TM7 


